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ABSTRACT
Background: Pain and other sensations from an amputated or absent limb,
alled phantom pain and phantom sensations, are well-known phenomena.
Objective: The aim of this retrospective study was to evaluate the effects of
anesthetic techniques on phantom pain, phantom sensations, and stump pain after
lower limb amputation.
Methods: Ninety-two patients with American Society of Anesthesiologists
hysical status I to III were analyzed for 1 to 24 months after lower limb amputation
n this retrospective study. Patients received general, spinal, or epidural anesthesia or
eripheral nerve block for their amputations. Standardized questions were used to
ssess phantom limb pain, phantom sensation, and stump pain postoperatively. Pain
ntensity was assessed on a numeric rating scale (NRS) of 0 to 10. Patients’ medical
istories were determined from hospital records.
Results: Patients who received epidural anesthesia and peripheral nerve block
erceived significantly less pain in the week after surgery compared with patients who
eceived general anesthesia and spinal anesthesia (NRS [SD] values, 2.68 [1.0] and
.70 [1.0], respectively). After approximately 14 to 17 months, there was no differ-
nce in phantom limb pain, phantom sensation, or stump pain among the anesthetic
echniques for amputation.
Conclusions: In patients undergoing lower limb amputation, performing
epidural anesthesia or peripheral nerve block, instead of general anesthesia or
spinal anesthesia, might attenuate phantom and stump pain in the first week after
operation. Anesthetic technique might not have an effect on phantom limb pain,
phantom sensation, or stump pain at 14 to 17 months after lower limb
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INTRODUCTION
Different pathologic processes such as phantom sensations, phantom limb pain, and
stump pain usually develop after lower limb amputation surgery. It has been reported
in various trials that the estimated prevalence of phantom pain varies from 49% to
83%.1,2 This observed wide range might be due to terminology differences when
efining phantom pain, phantom sensations, and stump pain.2
Phantom pain and sensations are defined as perceptions ranging from slight
ingling to sharp, throbbing pain or aching that patients perceive relating to an
xtremity or an organ that is physically no longer a part of the body.3,4 Limb loss can
ccur as a result of either removal by surgical amputation or congenital limb absence.
t is well known that bothersome sensations are generally perceived after amputation
f an arm or a leg, but rarely, may also occur after the removal of a breast or an
nternal organ. Pain sensation varies from individual to individual.5–7
Although some risk factors, such as pain before the amputation, cause of ampu-
ation, prosthesis use, and years since amputation have been defined, the exact causes
f painful and nonpainful phantom sensations are not known.3,8,9 Both peripheral and
central occurrence mechanisms are debated on a theoretical basis.6 Phantom pain is
kind of neuropathic pain and occurs as a result of central and peripheral neuronal
athologies.10 As a suspected basic mechanism, the neuromatrix is defined as a
neuronal organization that is genetically determined within individuals and modified
by sensory experiences.11 According to this theory, abnormal impulses that reach the
neuromatrix after an extremity amputation change the neuromatrix pattern, and this
causes conversion of normal input to pain sensations, in other words, causes phantom
pain. The interference of normal impulse traffic to the brain and excessive impulse
discharge from damaged neurons after amputation are believed to be responsible for
occurrence of phantom pain. Additionally, somatosensory pain memory can awaken
after amputation, thus leading to phantom pain.12
There are many previous studies on phantom pain and sensation, mainly investi-
ating efforts to prevent postoperative problems.13,14 However, only 2 studies exist
that evaluated the effect of various anesthetic techniques on the occurrence of
postoperative phantom pain, phantom sensation, and stump pain.3,15 In both studies,
arked increases in phantom pain and sensation after general anesthesia were ob-
erved soon after amputation surgery. These studies compared the effects of general,
pinal, and epidural anesthetic techniques. However, none of the studies compared
he probable relation of peripheral nerve block with postoperative phantom pain
ensation and stump pain. This study aimed to compare the impact of general
nesthesia, spinal anesthesia, epidural anesthesia, and peripheral nerve block on
ostoperative incidence of phantom pain and sensation using our own data on this
oorly researched subject.
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S.H. Sahin et al.MATERIALS AND METHODS
Local ethics committee approval was provided for this study. Between April 2005 and
July 2008, 92 patients who underwent lower limb amputation by general anesthesia,
spinal, epidural, or peripheral nerve block were retrospectively evaluated. Other
inclusion criteria were: (1) lower limb amputation within the last 1 to 24 months; (2)
18 years of age; (3) no previously performed amputation; (4) able to communicate
well in the native language; (5) psychosocial assessment within normal limits; and (6)
complete medical records.
Anesthetic Techniques
Anesthetic techniques used during the amputation process of all patients were
nvestigated. The anesthesiologist decided on the choice of anesthetic method for each
atient according to clinical condition. Completely standardized anesthetic tech-
iques were used in the general, epidural, spinal anesthesia, and peripheral nerve
lock groups. In the general anesthesia group, anesthesia was initiated with 2.5
g/kg propofol, 1 to 2 g/kg fentanyl, and 0.1 mg/kg vecuronium or 0.6 mg/kg
ocuronium intravenously, and then maintained with 1% to 2% sevoflurane or 5% to
% desflurane and 70% nitrous oxide in oxygen. In the spinal anesthesia group, 3 mL
f isobaric 0.5% levobupivacaine solution was aseptically and intrathecally adminis-
ered to patients in a sitting or lateral position by a midline approach between the L3
nd L4 intervertebral space. Epidural insertion was performed with patients in the
itting or lateral position at the Th12 to L1 intervertebral space after local infiltration
f 2 to 3 mL of lignocaine 2%, using a midline approach. Epidural catheter was
nserted cephalad 5 cm before patients received a 3 mL levobupivacaine 0.5% test
ose. The epidural anesthesia group received 15 mL 0.5% isobaric levobupivacaine
olution through epidural catheters with a single-shot in the lumbar region for
urgical anesthesia. The peripheral nerve block group received 30 to 40 cc isobaric
.5% levobupivacaine solution by popliteal block in the prone position or femoral
erve block in the supine position without catheter for surgical anesthesia. The spinal,
pidural, or peripheral nerve block patients did not receive any sedative drugs, general
nesthesia, or opioids intraoperatively. In other words, 2 anesthetic techniques were
ot applied at the same time. The spinal, epidural, or peripheral nerve block and
eneral anesthesia patients received intramuscular nonsteroidal anti-inflammatory
rugs, such as tenoxicam 20 mg first or if pain persisted, intravenous opioids
meperidine 1 mg/kg) for postoperative analgesia. The epidural catheter was removed
t the end of surgery due to the procedures applied. Nonsteroidal anti-inflammatory
rugs and opioids were used as a rescue analgesic if the patients requested or indicated
numeric rating scale (NRS) 4.
Evaluation Methods
Patients’ date of amputation, demographic characteristics, associated medical dis-
rders, main reason for amputation, region and level of amputation. and anesthetic
echnique used were determined from hospital records.
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Current Therapeutic ResearchStandardized questionnaire NRS data for pain in the amputated limb were ob-
ained by interviewing patients. In all cases, pain intensity was rated on an NRS
anging from 0 to 10 (0  no pain; 10  worst pain imaginable). Stump pain was
efined as a painful feeling from the stump or the remaining part of the leg, whereas
hantom sensation was defined as a nonpainful sensation from the removed part of the leg.
hantom limb pain was defined as a painful feeling from the removed part of the leg.3
Mean NRS values of pain intensity perceived during the preoperative period and the
rst 7 days after surgery were obtained from medical records. In the interview, patients
ere asked to define the number of days per month with pain symptoms during the
onth before the interview. They were also asked if they had any phantom sensation,
hantom limb pain, or stump pain in the week preceding the interview. If a patient
eported stump pain or phantom limb pain, that patient was asked if he or she was
eceiving any medication for analgesia. All of the patients were asked whether the pain
ffected his or her abilities to sleep at night, to concentrate, and to perform daily activities.
Statistical Analysis
Evaluation parameters were compared among the 4 groups according to the
nesthetic techniques utilized during the amputation process. Results are expressed as
ean [SD] (percentage). Normality distribution of variables was tested using the
-sample Kolmogorov-Smirnov test. Groups were compared by 1-way ANOVA test
or normally distributed data or by Kruskal-Wallis test for non-normally distributed
ata. Bonferroni’s post hoc test was used when the significance difference was
btained. Categorical variables were compared using the 2 test. A P value  0.05
as considered statistically significant. Statistica 7.0 (StatSoft Inc., Tulsa, Oklahoma)
tatistical software was used for statistical analyses.
RESULTS
Of the 100 patients assessed for eligibility, 8 patients were excluded because of failed
spinal, epidural, or peripheral nerve block, and 2 anesthetic techniques were used for
surgery. Therefore, 92 patients were analyzed according to the protocol and were
included in this retrospective analysis (Figure), of whom 25 (27.1%) received general
anesthesia, 25 (27.1%) spinal anesthesia, 22 (23.9%) epidural anesthesia, and 20
(20.2%) peripheral nerve block. The 4 groups were comparable in terms of age, sex,
body mass index, and mean time after amputation (Table I). There was no difference
among the 4 groups with regard to pain before amputation, associated medical
disorders, main reason for amputation, and level and region of amputation (P 0.05)
Table II). Although peripheral vascular disease was the most common associated
edical disorder, ischemia was the main reason for amputation. More than half of the
atients in all groups had an amputation below the knee. All these parameters,
ncluding region of amputation, were comparable among the groups (Table II).
Patients who received epidural anesthesia and peripheral nerve block perceived
ignificantly less pain in the week after their surgery compared with patients who had
eceived general anesthesia and spinal anesthesia (P  0.001). Moreover, mean pain
level during the first week after amputation was significantly higher in general anesthesia
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S.H. Sahin et al.patients compared with spinal anesthesia patients (P 0.001). After approximately 14 to
7 months, there was no difference in phantom limb pain, phantom sensation, or stump
ain among the groups (Table III; P  0.818, P  0.926, P  0.853, respectively).
here was no difference among the 4 groups in terms of prosthesis usage (Table III;
Figure. Flow diagram of study enrollment, allocation, follow-up, and analysis.
Table I. Patients’ demographic characteristics.
Demographic
Characteristics
General
Anesthesia
Group
(n  25)
Spinal
Anesthesia
Group
(n  25)
Epidural
Anesthesia
Group
(n  22)
Peripheral
Block
Group
(n  20) P
Age, y 61.44 (9.6) 60.0 (12.3) 57.18 (10.6) 57.85 (8.6) 0.468
Gender, % male 66.4 68.7 70.3 67.3 0.962
ASA status (I/II/III) 3/14/8 4/15/6 4/11/7 4/11/5 0.645
BMI, kg/m2 24.81 (4.7) 25.77 (2.9) 25.73 (3.0) 26.42 (3.4) 0.455
Mean time after
amputation, mo 16.36 (6.2) 14.44 (5.0) 15.45 (2.6) 14.95 (2.9) 0.287
ASA  American Society of Anesthesiologists; BMI  body mass index.
No statistically significant differences were obtained in any of the parameters among groups (P  0.05).
ata are mean values (SD).
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Current Therapeutic ResearchP 0.971). Use of prostheses in the patients was8 hours a day. There was no difference
n phantom limb pain and stump pain parameters among the 4 anesthesia groups.
everity and frequency of phantom limb and stump pain were similar (Table III; P 
.980, P  0.931, P  0.951, P  0.936, respectively).
Twenty-two percent or more of the patients used opioids for analgesia before
amputation. There was no difference among the 4 groups with regard to the use of
opioid and nonopioid medications for analgesia before amputation (Table IV; P 
0.942, P 0.971). There was no difference among the 4 groups of patients regarding
receipt of opioid and nonopioid analgesic use at the time of interview (Table IV;
P  0.971, P  0.977). The patients received opioids or nonopioid agents intrave-
nously or intramuscularly for postoperative analgesia. Nonopioid analgesics included
nonsteroidal anti-inflammatory drugs (Table IV).
There was no difference among the 4 groups as to functions affected by stump and
phantom limb pain, including frequency of sleep, concentration, and daily activities
Table II. Pain before amputation, associated medical disorders, and type of amputation.
Characteristic
General
Anesthesia
Group
(n  25)
Spinal
Anesthesia
Group
(n  25)
Epidural
Anesthesia
Group
(n  22)
Peripheral
Block
Group
(n  20) P
Pain before amputation (NRS) 6.17 (2.0) 5.76 (1.7) 5.18 (1.2) 5.30 (1.1) 0.073
Associated medical disorders, %
Diabetes 40.0 44.0 40.9 45.0 0.984
Hypertension 20.0 12.0 18.2 20.0 0.866
MI 8.0 12.0 9.1 10.0 0.970
Peripheral vascular disease 52.0 56.0 50.0 55.0 0.976
Main reason for amputation, %
Vascular infection 12.0 12.0 18.2 15.0 0.920
Trauma 12.0 16.0 13.6 15.0 0.980
Ischemia 76.0 72.0 68.2 70.0 0.942
Level of amputation, %
Above knee 28.0 20.0 22.7 15.0 0.761
Knee 20.0 28.0 18.2 20.0 0.845
Below knee 52.0 52.0 59.1 65.0 0.787
Region of amputation, %
Right foot 40.0 48.0 50.0 50.0 0.885
Left foot 60.0 52.0 50.0 50.0 0.885
MI  myocardial infarction; NRS  numeric rating scale.
No statistically significant differences were obtained in any of the parameters among groups (P  0.05).
Data are mean (SD).(Table V; P  0.989, P  0.937, P  0.988, respectively).
132
S.H. Sahin et al.DISCUSSION
This study found that anesthetic technique had no effect on phantom limb pain,
phantom sensation, or stump pain approximately 14 to 17 months after lower limb
amputation. However, patients had significantly less pain in the first week after
amputation if they received epidural anesthesia or peripheral nerve block compared
with patients who received general anesthesia and spinal anesthesia. Results were also
favorable in the spinal anesthesia group compared with the general anesthesia group
in terms of pain during the first week after amputation.
Complex multifactorial interactions involving peripheral nerves, the central ner-
vous system (CNS), the sympathetic system, psychologic overlay, and genetic pre-
disposition have all been implicated for the occurrence of phantom pain and sensa-
Table III. Initial pain, phantom sensations, phantom and stump limb pain, and use of
prosthesis after amputation.
Characteristics
General
Anesthesia
Group
(n  25)
Spinal
Anesthesia
Group
(n  25)
Epidural
Anesthesia
Group
(n  22)
Peripheral
Block
Group
(n  20) P
Pain during the first week
after amputation (NRS) 5.52 (1.3) 4.20 (1.3)* 2.68 (1.0)* 2.70 (1.0)* 0.001
Patients with phantom
limb sensation during the
week before interview, % 76.0 68.0 72.7 75.0 0.926
Patients with phantom
limb pain during the week
before interview, % 56.0 44.0 54.5 55.0 0.818
Phantom limb pain
severity during the week
before interview (NRS) 2.64 (2.6) 2.40 (2.6) 2.68 (2.6) 2.70 (2.7) 0.980
No. of days with phantom
limb pain during the month
before the interview 7.20 (8.5) 7.16 (8.3) 8.77 (8.5) 8.40 (8.2) 0.931
Patients with stump pain
during the week before
interview, % 36.0 28.0 27.3 25.0 0.853
Stump pain severity during
the week before interview
(NRS) 1.60 (2.3) 1.44 (2.4) 1.50 (2.7) 1.30 (2.4) 0.951
No. of days with stump
pain during the month
before the interview 3.36 (5.8) 3.84 (6.4) 3.82 (6.5) 4.70 (6.8) 0.936
Use of prosthesis, % 16.0 20.0 18.1 15.0 0.971
NRS  numeric rating scale.
Data are mean (SD) or number of patients.
*P compared to peripheral block, epidural anesthesia, and spinal anesthesia with general anesthesia.tions.1,16 As the exact mechanisms of this pain syndrome are still unknown, many
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sensations, such as age, gender, the cause of amputation, pain before amputation,
prosthesis use, and years elapsed since amputation.17,18 However, not all of the risk
actors have been consistently implicated by all previous studies. Even so, the
emographic and amputation-related characteristics of the patients in the 4 groups
ere investigated for comparability and to erase the concern that these factors might
ave conflicted the final results. Fortunately, the 4 groups in this study showed
omogeneous results relating to age, gender, pain before amputation, associated
edical disorders, main reason for amputation, cause of amputation, level of ampu-
ation, use of opioids before amputation, prosthesis use, and years elapsed since
mputation.
Phantom limb pain occurs soon after amputation and can be long lasting.19 Jensen
et al17 found that phantom limb pain occurred within 8 days after amputation in 72%
f adult patients. Of all our patients, 81.52% had phantom and stump pain during
he first week after surgery. Nikolajsen et al18 observed that the incidence of phantom
Table IV. Use of analgesics before and after amputation.
Characteristics
General
Anesthesia
Group
(n  25)
Spinal
Anesthesia
Group
(n  25)
Epidural
Anesthesia
Group
(n  22)
Peripheral
Block
Group
(n  20) P
Use of opioid analgesics
before amputation, % 24.0 28.0 22.7 30.0 0.942
Use of nonopioid analgesics*
before amputation, % 16.0 20.0 18.1 15.0 0.971
Use of nonopioid analgesics*
at the time of interview, % 36.0 32.0 31.8 30.0 0.977
Use of opioid analgesics at the
time of interview, % 20.0 16.0 18.1 15.0 0.971
No statistically significant differences were obtained in any of the parameters among groups (P  0.05).
*Nonopioid analgesics included nonsteroidal anti-inflammatory drugs.
Table V. Effect of phantom and stump limb pain on functions.
Functions Affected by Stump
and Phantom Limb Pain, %
General
Anesthesia
Group
(n  25)
Spinal
Anesthesia
Group
(n  25)
Epidural
Anesthesia
Group
(n  22)
Peripheral
Block
Group
(n  20) P
Sleep 32.0 28.0 31.8 30.0 0.989
Concentration 28.0 24.0 22.7 20.0 0.937
Daily activities 24.0 24.0 22.7 20.0 0.988No statistically significant differences were obtained in any of the parameters among groups (P  0.05).
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S.H. Sahin et al.pain did not decrease 6 months after lower limb amputation, although there was a
decrease in the incidence and intensity of intermittent pain attacks. Although we
observed that the mean intensity of pain decreased, this group of patients continued
to sense phantom pain at an average of 14 to 17 months after lower limb amputation.
The main investigation point of this study was the probable impact of various
anesthetic techniques used during the amputation process on the occurrence of
phantom pain and sensations. It is believed that regional anesthesia, by preventing
the establishment of central sensitization, may play a role in reducing the incidence
of acute and chronic pain. Moreover, because the surgical neurogenic inflammatory
response may provide a source of nociceptive input into the CNS for a prolonged
period, a continuous infusion of local anesthetic postoperatively may prevent the
establishment of central sensitization.20 Gehling et al21 reported that perioperative
pidural block was an effective prophylaxis for phantom limb pain, adding that
erioperative epidural block did not completely abolish phantom limb pain, but
ncreased the number of patients with a milder form of phantom pain. As in some
ther studies, this study found that one of the regional anesthesia techniques, epidural
lock, was advantageous for phantom limb pain, phantom sensation, or stump pain
ith lower pain intensities, especially during the first week after amputation. How-
ver, this advantage seemed to disappear at an average of 14 to 17 weeks after
mputation.
The new finding in this study was that peripheral block technique was also
eneficial, avoiding further pain and other bothersome sensations during the first
eek after surgery. Peripheral blocks are generally investigated for their analgesic
fficacy during or after the amputation process. Despite some early benefits of epidural
locks, there was no difference in pain between the epidural block and perineural
lock in the postoperative period.22,23 In this study, peripheral blocks with levobupi-
acaine was applied in all surgical operations as an anesthetic technique. With this
echnique, we observed better results postoperatively compared with general and
pinal anesthesia; similar results were found compared with epidural blocks. Target-
ng the nerves correctly by a stimulator might explain the benefits of this technique.
Only a few studies have evaluated the effect of spinal anesthesia on the occurrence
f postoperative phantom pain, phantom sensation, and stump pain. The study of
ng et al3 showed that patients who received epidural anesthesia and those who
eceived spinal anesthesia recalled less pain compared with general anesthesia in the
eek after surgery. In this study, we observed a similar beneficial effect of spinal
nesthesia on pain in the first week after amputation compared with patients who
eceived general anesthesia. However, patients had significantly less pain in the first
eek if they received epidural anesthesia or peripheral nerve block compared with
atients who received spinal anesthesia.
Risk factors for exacerbation of phantom pain after regional anesthesia are
oorly understood, because there are few studies addressing this issue.24,25 In
patients with diabetes and leprosy, spinal anesthesia carries more risk than
epidural anesthesia for further phantom pain and sensations.24 In this study,
diabetes-associated amputation using spinal anesthesia was recorded at a rate of
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Current Therapeutic Research44%. Although the 4 groups in this study showed homogeneous results relating
to risk factors, this coincidence of spinal anesthesia and diabetes might simulta-
neously constitute phantom pain.
The study was limited by several factors, particularly the sample size. A larger
sample size might have provided power to detect differences not observed in this
analysis. Another limitation resulted from having multiple anesthesiologists deciding
the choice of anesthesia according to the clinical condition of the patient. Although
standard evaluation criteria exist for the determination of anesthetic requirements,
bias might have been introduced, and the results of the study might have been
affected. In addition, the retrospective study design might have resulted in significant
bias for frequencies and severity of pain symptoms. However, the results are consis-
tent with data of other prospective studies.3,15
CONCLUSIONS
Patients experienced significantly less pain during the first week after their amputa-
tion if they received epidural or peripheral nerve block compared with patients who
received general anesthesia or spinal anesthesia. Anesthetic technique might not affect
stump pain, phantom sensation, or phantom limb pain at approximately 14 to 17
months after lower limb amputation. Further studies are needed to determine
whether patients undergoing lower limb amputation may benefit from epidural or
peripheral blocks instead of general anesthesia or spinal blocks.
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